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Introduction: 
The aim of root canal treatment is to eliminate infection within the root canal system and 
to prevent reinfection. It is well known that bacterial infection of the root canal system is 
the primary cause of apical periodontitis, which can invade and colonize the entire root 
canal system. Therefore, success of endodontic treatment is mainly dependent on 
through cleaning, shaping and disinfection of root canal system. (1) The use of irrigation 
solution is essential to improve chemo-mechanical debridement by minimizing the 
residual debris, necrotic tissue and bacteria. The total removal of smear layer is 
preferred in order to improve the adaptation of the obturation materials in the root canal 
dentin, decrease apical and coronal microleakage and facilitate the diffusion of the 
irrigant solutions & intracanal medications into the root canal system. 
 
It has been reported that it is impossible to render root canal systems of teeth bacteria-
free. (2,3) Despite how much effort and time we spend cleaning, shaping and irrigating 
the root canal system, still the contemporary chemo-mechanical technique often 
improperly cleaned and shaped, and do not consistently eliminate bacteria during root 
canal treatment. (4,5) A question raised how to overcome this problem, some authors 
suggested to completely eliminate microbes of the root canal system increasing the 
apical size preparation will achieve that outcome. Others suggested that taper is more 
important than final apical size. (6,7) However the best current available clinical 
evidence suggests that chemo-mechanical techniques with canal enlargement 
technique do not eliminate bacteria during root canal treatment at any size. (3) 
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Gutta-percha is a name of the rubber from the sap of the trees, noted for their latex, or  
The rigid natural latex produced, particularly from Palaquium gutta. (8) Gutta- percha is 
the primary filling material used in endodontics to fill the root canal system for more than 
hundred years, it composed of 20% gutta-perch, 80% zinc oxide, dye and metal salts 
added for color and radiographic contrast. In addition some manufactures add calcium 
hydroxide, chlorhexidine, or iodoform as antimicrobial to impart some disinfectant 
properties to the materials. (9,10) Gutta-percha has been used in endodontics because 
of many reasons such as easily to be introduced into root canal, be impervious to 
moisture, bacteriostatic, radiopaque, and not cause irritation to periapical tissue, sterile 
and easily sterilized, easy to be removed from root canal. (10) Gutta-percha is sensitive 
to temperature, as it tends to become brittle and may fracture before yield strength is 
attained. (9) 
 
One of the most important factors for the success of root canal treatment after cleaning 
and shaping is obturation of the root canal space. Various technique has been 
introduced for root canal space obturation, with the two most basic techniques used for 
obturation are cold lateral condensation and warm vertical condensation, with the cold 
lateral condensation being the commonly technique taught and used as standard 
procedure be evaluated with all other techniques. The cold lateral condensation can be 
considered safe and cost-effective technique, however it has some drawbacks such as 
time-consuming, lacks homogeneity, and adaptation to the canal wall. One crucial 
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drawback of this technique that become a concern that it is ability to induce vertical root 
fracture. (11) Warm vertical condensation technique was first introduced to the 
endodontic community by Dr. Herbert Schilder in 1967, since then this technique has 
been modified and used more frequently (12). The warm vertical condensation 
technique is superior to the cold lateral technique for several reason such as improves 
the homogeneity and adaptation of gutta-percha to dentin wall. However, this technique 
raised some concerns such extrusion of gutta-percha material into the periapical tissue, 
and damage to the periodontal ligaments during thermal condensation. (12,13,14) 
 
 One of the most challenging diagnostic issues to the dentist is vertical root fracture, it 
associated mostly with endodontics treated teeth, the tooth will be expected having poor 
prognosis whether the fracture detected or not. (15) The vertical root fracture basically 
generated stress within the root canal that occurs in buccolingual direction, through the 
thickest part of dentine. (16) Many factors can contribute to vertical root fracture such as 
occlusal force, pin and post placement, or stress generated in the root during obturation 
of the canal. The latter is the most cited etiology for the vertical root fracture. (15) The 
apical force applied to gutta-percha leads to pressure in gutta-percha and in turn 
circumferential tensile stress on the canal surface. Such stress may enlarge existing 
surface defect. (17) 
 
There is a general agreement between the studies that endodontically treated teeth 
more susceptible to vertical root fracture than vital teeth. (18,19) The most often 
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reasons because of excessive removal of tooth structure during instrumentation, 
excessive force applied during the obturation, and dehydration of dentine after 
completion of the root canal treatment, however recently the latter is less considered. 
(18,19,20) To overcome this problem studies have looked at the coronal reinforcement 
of the remaining tooth structure by using bonded restoration (amalgam, composite, and 
glass-ionomer) placement of crown, and the use of posts. They have founded that all 
shown to reinforce the remaining tooth structure, however even properly restored teeth 
may fracture. Other studies suggested the use of resin-based obturation material, 
through the use of sealers in the root canal system (AH plus sealer, glass-ionomer 
sealer) that capable to wet and infiltrate the dentin to achieve good adhesive system. 
These studies concluded the use of resin-based material increase root resistance to 
fracture. (18,19,21,22) For our knowledge no one has looked on the effect of the gutta-
percha itself as potential factor that could contribute and lead to vertical root fracture 
from the stress that maybe generated on the canal wall. 
 
The hoop stress is the stress exerted circumferentially (perpendicular both to the axis 
and to the radius of the object) in both directions on every particle in the cylinder wall or 
circumferential stress in a cylindrically shaped part as a result of internal or external 
pressure. (23,24) Hoop stress mostly used in engineering, as the reliability of materials 
and structures in the form of thick-walled cylinders (TWC) is of critical importance. 
Thick-walled cylinders in form of boilers, gun barrels, and high-pressure containers are 
essential structural members for many industries including power, chemical, armament, 
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and food processing industries. (25) Because cylinders are prone to cyclic stresses 
during their normal operation and large internal pressures produce high tension along 
the inner surface of the cylinder, cracks can become a major concern and they may 
cause rapture. It is important to maintain in surface to do so such defected components 
must be demonstrated to be safe against rupture, therefore it is necessary to analyze 
the crack propagation behavior to ensure the integrity of the cylinder against the fatigue 
failure. (25, 26) 
 
Aim: 
Since the gutta-percha not compressible and tooth fracture with root canal failure can 
be subsequent of this nature when force applied on the tooth. This study aiming to 
measure the stress failure by looking how much stress is exerted on the tooth wall by 
the gutta-percha by using the concept of hoop stress, by having four groups in which 
teeth were divided according to access cavity design (conservative access cavity, 
conventional access cavity) and the file tapering size (0.4 taper, 0.6 taper). Teeth in all 
four groups were obturated by warm vertical condensation method. Then teeth were 
sectioned into 2mm thickness and load was applied using a piston until fracture took 
place. The stress generated by the gutta-percha on the teeth wall was calculated by 
using the hoop stress formula. 
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Material and methods: 
Sixteen (N=16) single human teeth (maxillary central incisors) were used. Teeth with 
fully formed apices, free of cracks, resorption were included in this study. Teeth were 
stored in 0.5% sodium azide solution, and then the teeth were divided into 4 groups 
according to access cavity design and file tapering size as follow: 
Group 1: Conservative access cavity and small file taper (0.4) (N=4) 
Group 2: Conservative access cavity and large file taper (0.6) (N=4) 
Group 3: Conventional access cavity and small file taper (0.4) (N=4) 
Group 4: Conventional access cavity and large file taper (0.6) (N=4) 
 
i.   Teeth preparation 
Group 1: Conservative access cavity and small file taper (0.4)  
 Access cavity was established 1 mm beyond the incisal edge with number 2 high 
speed round bur. The working length (WL) was then established by inserting K-file #10 
into the root canal until its tip was visualized at the apex, and then subtracting 1 mm 
from this measurement. Gates glidden drills number 2 and 3 were used for coronal 
flaring. Then root canals were prepared using Vortex rotary file system with (0.4) taper 
in crown down manners.  During instrumentation the root canals were irrigated with 2 
mL of 0.5% sodium hypochlorite (NaOCl) at each changes of file, and finally with 1 mL 
of 17% ethylenediaminetetraacetic acid (EDTA), then canals were dried by using paper 
points. Irrigation was delivered deep as possible into the canal, without binding to the 
canal wall, but not deeper than predetermined WL minus 1 mm.  
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           Group 2: Conservative access cavity and large file taper (0.6): 
Access cavity was established 1 mm beyond the incisal edge with number 2 high speed 
round bur. The working length (WL) was then established by inserting K-file #10 into the 
root canal until its tip was visualized at the apex, and then subtracting 1 mm from this 
measurement. Gates glidden drills number 2 and 3 were used for coronal flaring. Then 
root canals were prepared using Vortex rotary file system with (0.6) taper in crown down 
manners.  During instrumentation the root canals were irrigated with 2 mL of 0.5% 
NaOCl at each changes of file, and finally with 1 mL of 17% EDTA, then canals were 
dried by using paper points. Irrigation was delivered deep as possible into the canal, 
without binding to the canal wall, but not deeper than predetermined WL minus 1 mm.  
 
           Group 3: Conventional access cavity and small file taper (0.4): 
 The access cavity was performed with number 2 high speed round bur begins the   
penetration phase occlusal to the cingulum at a roughly 90° angle to the palatal surface 
to create a triangle shape. The working length (WL) was then established by inserting 
K-file #10 into the root canal until its tip was visualized at the apex, and then subtracting 
1 mm from this measurement. Gates glidden drills number 2 and 3 were used for 
coronal flaring. Then root canals were prepared using Vortex rotary file system with 
(0.4) taper in crown down manners.  During instrumentation the root canals were 
irrigated with 2 mL of 0.5% NaOCl at each changes of file, and finally with 1 mL of 17% 
EDTA, then canals were dried by using paper points. Irrigation was delivered deep as 
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possible into the canal, without binding to the canal wall, but not deeper than 
predetermined WL minus 1 mm. 
 
        Group 4: Conventional access cavity and large file taper (0.6): 
The access cavity was performed with number 2 high speed round bur begins the   
penetration phase occlusal to the cingulum at a roughly 90° angle to the palatal surface 
to create a triangle shape. The working length (WL) was then established by inserting 
K-file #10 into the root canal until its tip was visualized at the apex, and then subtracting 
1 mm from this measurement. Gates glidden drills number 2 and 3 were used for 
coronal flaring. Then root canals were prepared using Vortex rotary file system with 
(0.6) taper in crown down manners.  During instrumentation the root canals were 
irrigated with 2 mL of 0.5% NaOCl at each changes of file, and finally with 1 mL of 17% 
EDTA, then canals were dried by using paper points. Irrigation was delivered deep as 
possible into the canal, without binding to the canal wall, but not deeper than 
predetermined WL minus 1 mm 
§   Figure (1): Showing the difference of the files tapering (0.6 vs. 0.4) 
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§   Figure (2): Showing the two type access preparation 
Conservative access preparation 
 
Conventional access preparation 
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ii.   Teeth obturation: 
 All teeth in the four groups was obturated by the warm vertical condensation technique 
and by using system B fine plugger (0.6 taper) as heat source and the motor-driven 
extruded hand-piece of thermoplasticised gutta-perch (Calamus) for backfill. Brief 
description of the obturation technique as follow: 
Canals were obturated using continuous wave condensation as recommended by 
Buchanan (27). A fine system B plugger (0.6 taper) was marked at its binding point with 
a rubber stop within 4 mm of WL. The master cone was slowly placed in the canal to full 
working length (WL). The heat source (System B) was adjusted to 200 ºC and touch 
mode was activated. The heated plugger was driven through the gutta-percha to 
approximately 3 to 4 mm before the rubber stop approached the reference point. During 
the downpack, the plugger was deactivated and firm apical pressure held for 10 s. The 
canal was completely backfilled with injection-molded gutta-percha delivered from the 
extruded Calamus. Constant pressure was applied with Buchanan hand plugger that 
was inserted 1 mm into the root canal for 30 s.  
§   Figure (3): Showing the two difference size gutta-perch cones (0.6 vs. 0.4): 
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iii.   Load applying: 
 Teeth in all four groups were sectioned serially into 2 mm thickness by using the Isomet 
1000 precision section cutter machine. The teeth were held by the sample arm in 
horizontal manner, then the position was set to be 2 mm and the speed was set to be 
750 rpm, then the machine was activated. After all teeth samples have been sectioned 
then load was applied by using a piston at a constant crosshead speed of 1 mm/min 
directly on the gutta-percha until fracture of the tooth. Then stress generated by the 
gutta-percha on the internal canal was calculated by using the hoop stress formula: 
 
v   pi = Internal pressure (Calculated by failure load divided by piston surface area). 
v   po = External pressure. 
v   ri = Internal radius. (1/2 piston main radius) 
v   ro = External radius. (ri added to the width). 
v   r = Radius to the point of the interest (Usually ri or ro). 
 
§   Figure (4): Showing the hoop stress in thick wall cylinder: 
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§   Figure (5): Showing the sectioning of the experimental sample 
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§   Table (1): Showing the amount of load applied on the teeth sections and the 
measurements of the height and the width of the crack on group (1): 
Piston	  size	   Load	  (N)	   Height	   Width	  
Small	   35	   4.06	   4	  
Big	   3.49	   1.16	   2.9	  
Big	   15.36	   1.4	   2.62	  
Big	   18.04	   2.5	   2.8	  
Big	   17.24	   1.22	   2.1	  
Big	   22.27	   1.4	   2.22	  
Big	   13.83	   1.26	   4.14	  
Small	   14.69	   2.44	   1.66	  
Small	   2.83	   1.62	   2.28	  
Small	   5.42	   1.26	   3.1	  
Small	   4.67	   1.18	   2.06	  
Small	   7.93	   1.52	   2.94	  
Small	   12.79	   1.74	   2.7	  
Small	   13.4	   1.46	   1.98	  
 
§   Table (2): Showing the amount of load applied on the teeth sections and the 
measurements of the height and the width of the crack on group (2):  
Piston	  size	   Load	  (N)	   Height	   Width	  
Big	   14.04	   2.12	   2.7	  
Big	   25.16	   1.68	   2.04	  
Small	   2.43	   1.16	   2.58	  
Small	   6.89	   1.68	   2.3	  
Small	   5.45	   1.46	   2.36	  
Small	   8.7	   1.34	   2.6	  
Small	   11.23	   1.38	   2.8	  
Small	   9.52	   1.16	   2.26	  
Small	   7.57	   2.31	   1.82	  
Small	   3.52	   1.2	   2.28	  
Small	   11.36	   1.54	   2.58	  
Small	   12.57	   1.8	   2.7	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§   Table (3): Showing the amount of load applied on the teeth sections and the 
measurements of the height and the width of the crack on group (3): 
Piston	  size	   Load	  (N)	   Height	   Width	  
Small	   4.25	   1.48	   1.9	  
Small	   2.64	   2.14	   2.6	  
Small	   11.99	   1.23	   1.9	  
Small	   0.64	   1.5	   3.32	  
Small	   4.58	   1.56	   3.2	  
Small	   6.26	   1.6	   4.38	  
Small	   4.11	   1.32	   4.1	  
Small	   5.06	   1.26	   2.7	  
Small	   8.18	   1.3	   2.32	  
Small	   6.18	   1.1	   2.16	  
Small	   19.95	   1.58	   2.4	  
Small	   15.5	   2.34	   2.22	  
 
 
§   Table (4): Showing the amount of load applied on the teeth sections and the 
measurements of the height and the width of the crack on group (4):  
Piston	  size	   Load	  (N)	   Height	   Width	  
Small	   8.09	   1.72	   2.94	  
Small	   2.02	   1.64	   1.64	  
Small	   7.43	   1.58	   2.58	  
Small	   14.35	   2.44	   2.62	  
Small	   4.73	   1.31	   2.26	  
Small	   12.03	   1.5	   2.9	  
Small	   11.14	   1.48	   2.88	  
Small	   8.85	   1.6	   2.5	  
Big	   47.72	   1.6	   2.7	  
Big	   7.94	   1.76	   2.4	  
Big	   9.4	   1.49	   2.18	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§   Figure (6): Showing the crack induced on the experimental sample after 
load applying by the piston: 
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Statistical Analysis: 
One – way ANOVA with a 95% multiple range test was used to compare hop stresses 
at failure for all groups (SPSS, IBM). Linear regression was used to examine failure load 
versus dentin wall thickness (SigmaPlot 13.0, Systa Software). 
 
Results: 
The calculations of the raw data indicated there is no statically significant different 
between all groups (p value > 0.05) regarding the amount of stress excreted by the 
gutta-percha on the internal tooth wall. However, when we revised the calculations and 
excluded the high numbers (³ 18 MPa) there was no difference when we compared 
group one with group three (revised conservative 0.4 / revised conventional 0.4). In 
addition, there was no difference when we compared group two with group four (revised 
conservative 0.6 / Revised conventional 0.6), but when we compared group one and 
group three (revised conservative 0.4 / revised conventional 0.4) with group two and 
group four (revised conservative 0.6 / revised conventional 0.6) there was a difference 
in which the revised 0.4 groups showed minimal stress excreted by the gutta-percha on 
the internal tooth wall. However, the difference was not statically significant (p value > 
0.05) 
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§   Graph (1): Showing the hoop stress results for the raw data calculations 
and the revised data: 
 
 
  
 
 
 
In addition, when we looked at the load applied on the dentinal wall thickness 
until load failure took place, we found there is still no significant difference 
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between the groups which indicated sufficient dentin thickness will be remained 
either we performed conservative or conventional approach 
 
 
 
§   Graph (2): Showing the load applied on the dentinal wall thickness: 
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§   Table (5): Showing the hoop stress measurements for group (1): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
44.58	   0	   0.9	   4.9	   0.9	   47.69	  
1.06	   0	   1.42	   4.32	   1.42	   1.31	  
4.69	   0	   1.42	   4.04	   1.42	   6.01	  
5.51	   0	   1.42	   4.22	   1.42	   6.91	  
5.27	   0	   1.42	   3.52	   1.42	   7.31	  
6.81	   0	   1.42	   3.64	   1.42	   9.25	  
4.23	   0	   1.42	   5.56	   1.42	   4.82	  
18.71	   0	   0.9	   2.56	   0.9	   23.98	  
3.61	   0	   0.9	   3.18	   0.9	   4.23	  
6.91	   0	   0.9	   4	   0.9	   7.64	  
5.94	   0	   0.9	   2.96	   0.9	   7.15	  
10.11	   0	   0.9	   3.84	   0.9	   11.28	  
16.29	   0	   0.9	   3.6	   0.9	   18.46	  
17.07	   0	   0.9	   2.88	   0.9	   20.76	  
 
§   Table (6): Showing the hoop stress measurements for group (2):  
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
4.29	   0	   1.42	   4.12	   1.42	   5.44	  
7.69	   0	   1.42	   3.46	   1.42	   10.8	  
3.09	   0	   0.9	   3.48	   0.9	   3.53	  
8.77	   0	   0.9	   3.2	   0.9	   10.27	  
6.94	   0	   0.9	   3.26	   0.9	   8.08	  
11.08	   0	   0.9	   3.5	   0.9	   12.64	  
14.31	   0	   0.9	   3.7	   0.9	   16.1	  
12.12	   0	   0.9	   3.16	   0.9	   14.25	  
9.64	   0	   0.9	   2.72	   0.9	   12.01	  
4.48	   0	   0.9	   3.18	   0.9	   5.26	  
14.47	   0	   0.9	   3.48	   0.9	   16.54	  
16.01	   0	   0.9	   3.6	   0.9	   18.14	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Table (7): Showing the hoop stress measurements for group (3): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
5.41	   0	   0.9	   2.8	   0.9	   6.65	  
3.36	   0	   0.9	   3.5	   0.9	   3.83	  
15.27	   0	   0.9	   2.8	   0.9	   18.78	  
0.81	   0	   0.9	   4.22	   0.9	   0.88	  
5.83	   0	   0.9	   4.1	   0.9	   6.42	  
7.97	   0	   0.9	   5.28	   0.9	   8.44	  
5.23	   0	   0.9	   5	   0.9	   5.58	  
6.44	   0	   0.9	   3.6	   0.9	   7.29	  
10.42	   0	   0.9	   3.22	   0.9	   12.18	  
7.87	   0	   0.9	   3.06	   0.9	   9.36	  
25.41	   0	   0.9	   3.3	   0.9	   29.49	  
19.74	   0	   0.9	   3.12	   0.9	   23.32	  
 
 
Table (8): Showing the hoop stress measurements for group (4): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
10.31	   0	   0.9	   3.84	   0.9	   11.5	  
2.57	   0	   0.9	   3.38	   0.9	   2.96	  
9.46	   0	   0.9	   3.48	   0.9	   10.81	  
18.28	   0	   0.9	   3.52	   0.9	   20.83	  
6.02	   0	   0.9	   3.16	   0.9	   7.08	  
15.32	   0	   0.9	   3.8	   0.9	   17.14	  
14.19	   0	   0.9	   3.78	   0.9	   15.89	  
11.27	   0	   0.9	   3.4	   0.9	   12.96	  
14.59	   0	   1.42	   4.12	   1.42	   18.52	  
2.42	   0	   1.42	   3.82	   1.42	   3.19	  
2.87	   0	   1.42	   3.08	   1.42	   4.41	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Table (9): Showing the hoop stress measurements for revised group (1): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
1.06	   0	   1.42	   4.32	   1.42	   1.31	  
4.69	   0	   1.42	   4.04	   1.42	   6.01	  
5.51	   0	   1.42	   4.22	   1.42	   6.91	  
5.27	   0	   1.42	   3.52	   1.42	   7.31	  
6.81	   0	   1.42	   3.64	   1.42	   9.25	  
4.23	   0	   1.42	   5.56	   1.42	   4.82	  
3.61	   0	   0.9	   3.18	   0.9	   4.23	  
6.91	   0	   0.9	   4	   0.9	   7.64	  
5.94	   0	   0.9	   2.96	   0.9	   7.15	  
10.11	   0	   0.9	   3.84	   0.9	   11.28	  
 
 
Table (10): Showing the hoop stress measurements for revised group (2): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
4.29	   0	   1.42	   4.12	   1.42	   5.44	  
7.69	   0	   1.42	   3.46	   1.42	   10.8	  
3.09	   0	   0.9	   3.48	   0.9	   3.53	  
8.77	   0	   0.9	   3.2	   0.9	   10.27	  
6.94	   0	   0.9	   3.26	   0.9	   8.08	  
11.08	   0	   0.9	   3.5	   0.9	   12.64	  
14.31	   0	   0.9	   3.7	   0.9	   16.1	  
12.12	   0	   0.9	   3.16	   0.9	   14.25	  
9.64	   0	   0.9	   2.72	   0.9	   12.01	  
4.48	   0	   0.9	   3.18	   0.9	   5.26	  
14.47	   0	   0.9	   3.48	   0.9	   16.54	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Table (11) Showing the hoop stress measurements for revised group (3): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
5.41	   0	   0.9	   2.8	   0.9	   6.65	  
3.36	   0	   0.9	   3.5	   0.9	   3.83	  
0.81	   0	   0.9	   4.22	   0.9	   0.88	  
5.83	   0	   0.9	   4.1	   0.9	   6.42	  
7.97	   0	   0.9	   5.28	   0.9	   8.44	  
5.23	   0	   0.9	   5	   0.9	   5.58	  
6.44	   0	   0.9	   3.6	   0.9	   7.29	  
10.42	   0	   0.9	   3.22	   0.9	   12.18	  
7.87	   0	   0.9	   3.06	   0.9	   9.36	  
 
 
 
 
Table (12): Showing the hoop stress measurements for revised group (4): 
pi	   po	   ri	   ro	   r	  =	  ri	   Hoop	  stress	  
10.31	   0	   0.9	   3.84	   0.9	   11.5	  
2.57	   0	   0.9	   3.38	   0.9	   2.96	  
9.46	   0	   0.9	   3.48	   0.9	   10.81	  
6.02	   0	   0.9	   3.16	   0.9	   7.08	  
15.32	   0	   0.9	   3.8	   0.9	   17.14	  
14.19	   0	   0.9	   3.78	   0.9	   15.89	  
11.27	   0	   0.9	   3.4	   0.9	   12.96	  
2.42	   0	   1.42	   3.82	   1.42	   3.19	  
2.87	   0	   1.42	   3.08	   1.42	   4.41	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Discussion: 
Power analysis is a statistical technique used to determine the number of 
subjects required to detect differences between experimental or control groups. 
(28) A common issue with a study can occur if the power calculation is either 
absent or incorrect, which may lead to insignificant findings. (29) In our study we 
only had 16 teeth, in which others may consider it a small sample size and might 
makes them wondering and ask a very legitimate question why we limited the 
sample size in our study to only 16 teeth, why not more or why not less. In our 
knowledge no one conducted this type of study before, therefore we could not 
calculate the power analysis, as it is critical that the power calculation relies on 
information retrieved from previous published studies or a relevant pilot study. 
(29) 
The gutta-percha come into two crystalline forms, α and β. The α form is 
associated with the raw gutta-percha, which the commercially manufactured 
gutta-percha is associated with the β form, with difference between the two forms 
in regards of their mechanical properties. However, the two forms exhibit some 
thermal and volumetric differences. (30) The gutta-percha can be easily 
compactable when is in the solid β form, and when heated above 46 ºC the β 
gutta-percha form changes to α phase and becomes pliable and can made to 
flow. However, when the α phase cools normally, it crystalizes to β form with 
slight shrinkage between 1-2%. (31) 
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The pure gutta-percha is rigid under normal temperatures, which can become 
pliable at 25 to 30 ºC, softens at 60 ºC, and melts at 100 ºC with partial 
decomposition. Gutta-percha can be considered an extremely sensitive to 
temperatures, as it could become brittle and fracture before reaching it is yield 
strength at low temperature or even the yield point may disappear on high 
temperature. Regarding the resilience of the gutta-percha it increased with low 
temperature, while the high temperature will decrease the resilience. (9) 
 
Gutta-percha is a polymer yet it not completely elastic but can have some elastic 
properties and some properties of viscous liquids, therefore gutta-percha can be 
called viscoelastic. The important of this viscoelasticity of the gutta-percha makes 
it of a very useful in clinical situation when the gutta-percha need to be used 
within the root canal. As during condensation, a large force may need to be 
applied on the gutta-percha over long period of time to allow a plastic 
deformation, the more the gutta-percha plastically deformed the more it will flow 
into the irregularities and cervices on the canal. (9) 
 
Irrigation considered one of the most important steps during root canal treatment, 
in addition to it is disinfection property, they can act as lubricant during root canal 
instrumentation, and removes pulp remnant and dentinal debris. The most widely 
used irrigant in root canal treatment is sodium hypochlorite, it has a broad anti-
bacterial effect and can be used against Gram-positive and Gram-negative 
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bacteria, yeast, fungi, and viruses. (32) The concentration of the sodium 
hypochlorite used during endodontic treatment can be vary between 0.5% to 6%. 
(33)  Sodium hypochlorite has the ability to dissolve vital and necrotic tissue, in 
addition to the collagen which considered the organic component of the dentine 
and in order to dissolve the inorganic material 17% EDTA has been used. 
Sodium hypochlorite can cause dentin erosion if used in higher concentration 
and left in the root canal for long period of time, the same effect on dentin can be 
happened when using EDTA and leaving it in the root canal for longer time 
period. (34,35) 
 
Some authors showed in their studies even if the commercially gutta-percha 
cones come in sealed pre-sterilized packages, yet 5-8% of these sealed 
packages could be contaminated by bacteria. In addition, the gutta-percha cones 
can also be contaminated during handling, when they exposed to dental 
laboratory environment, and during storage. (36,37) Because the success of the 
root canal treatment depends on eliminating and prevention of cross-infection, a 
recommendation has been made to sterilize the gutta-percha cones prior to 
obturation. However, gutta-percha cannot be sterilized by using conventional 
autoclaving, therefore many chemical has been suggested to be used to 
decontaminate the gutta-percha cones. (38) The most efficient and reliable  
technique to disinfect the gutta-percha cones by placing them into sodium 
hypochlorite for at least one minutes. The concentrations suggested to be used 
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vary between 0.5% and 5.25%, and all of them showed favorable effect on killing 
bacteria. (39,40)  
 
The decontamination of the gutta-percha cones has some drawbacks on it is 
physical properties. The decontamination with 5.25% NaOCl can forms cuboidal 
chloride crystals affect the obturation seal, another drawback of decontamination 
the gutta-percha with 5.25% NaOCl is that increase the elasticity and cause 
topographic changes. However, with low concentration of NaOCl 0.5% no 
increased in the elasticity or topographic changes occur. (41,42) 
 
The preparation of root canal should have progressively tapering conical shape 
that can preserve the apical foramen and the original canal curvature without 
transportation. (43) The remaining dentin thickness after root canal preparation 
can be considered one of the most important iatrogenic factor that correlates to 
root fracture resistance. (44) Excessive flaring of the coronal third leads to 
reduce the residual dentin and make the tooth more susceptible to vertical root 
fracture. In addition, the preparation of the apical third can also reduce the 
residual thickness and weakening the apical root structure. (45,46) some other 
suggested a minimum 0.3 mm of dentin thickness should be remaining for 
adequate fracture resistance against lateral force during obturation and occlusal 
force after root canal preparation. (47) On the other hands some studies reported 
removal of dentin may not be necessarily a risk factors for fracture. (48)  
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Our results indicated there was no statically significant difference between all 
groups when we calculated the raw data for the hoop stress to measure the 
effect of the stress exerted by the gutta-percha on the internal tooth wall. 
Moreover, when we revised the calculation by excluding the high stress number 
measurements (≥ 18 MPa) our findings indicated there was a difference between 
the revised 0.6 groups and the revised 0.4 groups, with the latter showing 
minimal stress excreted on the internal tooth wall however, the difference was 
not statically significant. In addition, we looked at the effect of the load on the 
dentinal wall thickness, until load failure took place, we found there was no 
statically significant difference. Which means there is sufficient dentin thickness 
remaining after preparation no matter what file taper was used either large taper 
or small taper.  
 
The reason that our results indicated there is no statically significant difference 
either from the raw data or the revised data, could be because the strength of 
dentin is not influenced by the preparation. Another reason could be from the 
small sample size in raw data and the excluded high number measurements in 
the revised data. The reason for the exclusion is related to the technique that has 
been utilized to measure the hoop stress. In order to apply pressure on the teeth 
sample we used two different piston heads size (small, big). The piston head 
need to be centered on the gutta-percha, in which the teeth sample placed on 
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machine holder then pressure is applied. However, the distance was significantly 
far between the piston head and the sample on the holder, in order to 
accommodate the difference in distance between the piston and the tooth 
sample, we used a wood base under the sample to shorten the distance. The 
high number measurements on the raw data (≥ 18 MPa) could be came from the 
wood base, in which the crack could be happened in earlier point by the pressure 
applied by the piston, but the machine may have failed to detect it and kept 
measuring the pressure until the high number measurements appeared. The 
smaller number measurements most properly are the correct measurements, this 
why we only kept them on the revised data and excluded the high ones. 
However, the high number measurements not necessarily mean they are wrong 
it is just our speculation. Moreover, even after excluding the high number 
measurements, both raw data and revised data showed no statically significant 
difference between the groups. 
 
Conclusion: 
According to our findings the preparation of the root canal either by large taper or 
small taper has no significant effect on dentin, and the stress excreted by the 
gutta-percha very minimal. There will be sufficient reaming dentin thickness 
which can resist root fracture. 
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Future Directions:  
Increase the sample size, use different teeth types, use different obturation 
techniques, and use sealers, cements, and enhance and modify the technique to 
measure the stress excreted by the gutta-perch. 
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